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Abstract
The high energy pn charge exchange scattering is studied in a meson ex-
change model for the energy range 45.9 GeV2  s  414.61 GeV2. The main
features of the observed differential cross section, the forward peak and the
scaling behavior over a large energy region, are well reproduced.
|||||
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1 Introduction
Nucleon-nucleon and nucleon-antonucleon scattering cross section (total and dif-
ferential) have been measured over a very large energy range (fron threshold upto
several TeV total center-of-mass energies). Such data are the major source of infor-
mation on the hadronic and sub-hadronic properties of all matter[1]. In this commu-
nication we focus on an interesting sub-set of those data, namely the neutron-proton
charge-exchange (CEX) dierential cross d=dt as a function of s which exhibit two
main features: (i) a sharp forward peak which appears for jtj < 0:02 (GeV/c)2, and
(ii) a scaling behavior, the invariant dierential cross section depends on the lab
momentum p in the form of 1=p2 over a wide energy region. These two features
represent an enoumous challenge for theoretical nucleon-nucleon models.
The generally quite successful relativistic meson-exchange models of the nucleon-
nucleon interaction nd it very dicult to explain (i) and (ii) without adhoc adjust-
ments to the underlying model. In any of those meson-exchange models one would
expect the lightest charged mesons ( and ) to dominate the CEX dierential
cross sections at least in the low-jtj region. It turns out that the one-pion-exchange
alone gives rise to the observed 1=p2 dependence of d=dt for jtj > 0:1 GeV/c, but
fails to explain d=dt at t = 0 where this contribution is exactly zero.
It is well known since the 1960’s that the rho-exchange does not improve the
3
situation. In 1963 by Phillips[2] pointed out that the data are consistent with a
nearly constant background eld. Following his work, a number of works attempt-
ing to explain the origin of such a background fall into two categories, namely Regge
absorption models (for example, by Henyey et al:[3] and Kane et al:[4]) and Regge
cut models (for example, by Chia[5]). Regge absorption models assume that the
pion pole is modied by inelastic channels while Regge cut models evaluate dou-
ble exchanges. Those models are with some success in reproducing the np CEX
dierential cross section.
More recently the np CEX scattering was studied by Gibbs and Loiseau[6] in
a model of one- and two-pion excahnges. It is noticed that the one-pion exchange
in the model can not give a reasonable result, especially for the forward peak. With
the two-pion exchange included, the model t the np CEX diential cross quite well.
But It must be pointed out that they considered only a very narrow energy region.
The P-wave part of the two-pion exchange is similar to the one rho exchange which
for sure leads to a forward peak. This part, however, is energy independent for small
momentum transfer at high energies and, hence, can not be expected to provide a
major part of the missing contributions to the nucleon-proton CEX dierential cross
section over the observed range of energies.
In this work we study the np CEX scattering, based on that the interaction
for the nucleon-nucleon elastic scattering is mainly mediated by the quark-antiquark
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sea which might be parametrized mesons and a background.
2 One-meson exchange model
We start with the Lagrangians of the NN and NN coupling
LNNpi = igpiNN Nγ5 ~  ~ N (1)
LNNρ = gρNNNγµ~  ~µ N + 1
4MN
fρNNN









where p, n, ~ and ~µ stand respectively for proton, neutron,  and  elds. These
Lagrangians are widely used in various literatures such as Ref.[7]. It is straight-
forward to calculate d=dt for high energies (s is much larger than any mass scale















for one  and one  exchanges, respectively. As discussed above, eq.(5) is inconsistent
with the scaling behavior as stated in (ii), so the one-rho exchange can not be
important for the nucleon-proton (d=dt)CEX at large s and low jtj. While giving
the correct energy-dependence, eq.(4) fails to reproduce the the forward peak in
(d=dt)t∼0. Obviously there is an additional contribution, beyond - and -exchange,
necessory to explain the t- and s-dependence of d=dt.
We study the problem based on the argument that the nucleon-nucleon elastic
scattering is mainly mediated by the quark-antiquark sea around the quark core of
nucleons, and the quark-antiquark sea might be parameterised as a background and
various observed mesons. The interaction Lagrangian might be constructed in line
with the low-energy chiral quark model[8] as follows:
L = LN + LNNpi + LNNρ + LNN (6)
where LNNpi and LNNρ are as dened in eqs. (1) and (2), and
LN = N(iγµ@µ −MN )N (7)















consistent with the analysis in Ref.[7]
The background eld contribution, eq.(8), is reminiscent of the Nambo-Jona-
Lasinio (NJL) 4-fermion interaction[9] which in the chain approximation (RPA)
gives rise to a pionic mode and a scalar quark-antiquark condensate. Here we adjust
the 4-fermion coupling strength g in eq.(8) to the experimental np data. Due to the
analogy between eq.(8) and the NJL Lagrangian we will consider the background
contribution to have similar properties as if a -eld, hence we will adopt a non-
trivial vertex function as if a ’’-like object was exchanged between two nucleons.
Note that we have to take into account both an isoscalar and an isovector background
eld.
The quark-antiquark substructure of N , , and  is manifest in non-trivial
meson-nucleon vertex functions. We study various forms of those vertex functions
such as monopole, dipole, multipole and exponential forms. We nd that the ex-
perimental data strongly suggest the monopole form for the NN vertex function,
and favor the tripole form over the monopole, dipole and exponential forms for the
NN vertex function. For the background contribution, we adopt a dipole form.
F (t) =
1









2=4  [GeV] pi [GeV] ρ [GeV]
Model A 13.0 0.84 6.1 5.5 0.26 0.52 {
Model B 13.0 0.84 6.1 5.0 0.24 0.50 1.0








are respectively for the background interaction, the NN and NN couplings, re-
spectively. Here the cutos , pi and ρ are free parameters adjusted to the
experimental data.
Presented in Figure 1 are the theoretical results with the dashed lines for the
one  exchange plus the background contribution (Model A) and the solid lines for
the one  and one  exchanges plus the background contribution (Model B). All
the relevant parameters are listed in Table 1 for both Model A and Model B. Here
gpi, gρ and fρ=gρ are input parameters while other parameters are adjusted to the
observed dierential cross sections of the pn charge exchange scattering. The energy
range considered here is 45.9 GeV2  s  414:61 GeV2. We nd in Fig. 1 that the
experimental data are well reproduced in Model B. Model A (one  exchange plus
the background contribution) reproduces the data well until s = 109:68 GeV2, and
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the  exchange contribution becomes signicant when s is larger than 120 GeV2.
3 Conclusions
The np CEX dierential cross section is well reproduced in the simple model of
one  and one  exchanges plus the background contribution. The background
contribution is important only for very small jtj. The one  exchange contribution
is negligible below s = 100 GeV2, but becomes important for s is larger than 200
GeV2, particularly for small jtj. The one  exchange is important for all energies,
in particular for large jtj.
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Fig. 1 Theoretical predictions dCEX=dt compared to experimental data (taken
from the compilation of Ref. [1]). Dashed curve for Model A (one -exchange
plus background contribution); solid curve for Model B (one  and one 
exchanges plus backgroubd contribution). Here s are in GeV2.
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